General information and instruments
Reagents were obtained from commercial suppliers and used without further purification unless otherwise stated. All solvents were commercially obtained and used without further purification except pyrrole which was distilled and freshly used. Dry solvents were taken from a solvent system MB SPS 800. THF, Et 3 N, DIPEA and iPr 2 NH were dried, distilled and degassed by three freeze-pump-thaw cycles before used in the cross-coupling reactions. CH 3 CN and CHCl 3 were dried before used in the synthesis of the metallo-cage. Routine Residual solvent peaks were used as reference. 1 All NMR J values are given in Hz. COSY, NOESY, HMQC and HMBC experiments were recorded to help with the assignation of 1 H and 13 C signals. High Resolution Mass Spectra (HRMS) were obtained on a Bruker HPLC-TOF (MicroTOF Focus) with ESI as ionization mode and Bruker HPLC-QqTOF (MaXis Impact) with ESI as ionization mode. IR spectra were recorded on a Bruker Optics FTIR Alpha spectrometer equipped with a DTGS detector, KBr beamsplitter at 4 cm -1 resolution using a one bounce ATR accessory with diamond windows. Melting points were measured on a MP70 Melting Point System Mettler Toledo. Crystal structure determinations were carried out using a Rigaku MicroMax-007HF diffractometer equipped with a PILATUS 200K detector but for [CH 3 CN] 2 ⊂[1•Pd](BF 4 ) 2 for which a Bruker Apex II Duo equipped with an APEX II detector was used. Both using MoK radiation. Crystal structure solution was achieved using VLD and Pattterson methods as implemented in SIR2014 v14.10. Least-squares refinement on F 2 using all measured intensities was carried out using the program SHELX-2018/3. Column chromatography was performed with silica gel technical grade (Sigma-Aldrich), pore size 60 Å, 230-400 mesh particle size, 40-63 m particle size and Thin Layer Chromatography (TLC) analysis on silica gel 60 F254. 
-Tetra-(4-iodophenyl)-calix[4]pyrrole S2
2 (55 mg, 0.05 mmol, 1 equiv.), Pd(PPh 3 ) 2 Cl 2 (4.09 mg, 0.01 mmol, 0.03 equiv.), CuI (1.78 mg, 0.01 mmol, 0.05 equiv.) and 3-((4'-ethynylphenoxy)methyl)pyridine S1 (58.50 mg, 0.28 mmol, 1.5 equiv.) were kept under Argon atmosphere. Dry THF (5 mL) and dry diisopropylamine (5 mL) were added dropwise. The reaction was stirred at 45ºC for 5 h. After that, the crude was concentrated, redissolved in CH 2 Cl 2 (10 mL) and washed with brine (2x10 mL) and water (10 mL). The organic layer was dried (Na 2 SO 4 ), filtered and concentrated. The crude was purified by column chromatography on silica gel (3 g, 9:1 CH 2 Cl 2 :IPA) and the product was further purified by recrystallization from 1:1 CH 2 Cl 2 :CH 3 CN (4 mL) obtaining a white solid (47 mg, 0.03 mmol, 65% yield). Rf = 0.2 (95:5 CH 2 Cl 2 :IPA). 1 H NMR (500 MHz, CDCl3, 298 K) spectrum of compound 1. See Scheme S1 for proton assignment. *Solvent residual peaks.
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Figure S2
. 13 C{ 1 H} NMR (500 MHz, CDCl3, 298 K) spectrum of compound 1. See Scheme S1 for proton assignment. *Solvent residual peaks.
Figure S3. a) Experimental and b) theoretical isotopic distributions for [M+2H]
2+ . The exact mass for the monoisotopic peak in a) and b) is indicated. 4-Iodophenol (400 mg, 1.82 mmol, 1 equiv.) and Cs 2 CO 3 (889 mg, 2.73 mmol, 1.5 equiv.) were suspended in dry DMF (40 mL). The mixture was stirred under Argon atmosphere at 50ºC for 30 min. 3-(Bromomethyl)pyridinium hydrobromide (690 mg, 2.73 mmol, 1.5 equiv.) in DMF (20 mL) was added dropwise. The reaction was stirred at 60ºC under Argon atmosphere for 5 h. The color changed from yellow to orange-brown. After that, the solvent was removed under vacuum and the solid was redissolved in CH 2 Cl 2 (10 mL) and washed with brine (2x10 mL) and water (10 mL). The organic layer was dried (Na 2 SO 4 ), filtered and concentrated. The crude was purified by column chromatography on silica gel (20 g Step 1: 3-((4'-Iodophenoxy)methyl)pyridine (300 mg, 0.96 mmol, 1 equiv.), Pd(PPh 3 ) 2 Cl 2 (43.2 mg, 0.07 mmol, 0.07 equiv.) and CuI (49.6 mg, 0.26 mmol, 0.27 equiv.) were kept under Argon atmosphere for 5 minutes. Dry THF (7 mL) and dry DIPEA (0.50 mL, 2.89 mmol, 3 equiv.) were added. Finally, ethynyltrimethylsilane (0.40 mL, 2.89 mmol, 3 equiv.) was added. The color of the mixture changed from orange to brown. The reaction was stirred at 45ºC for 3 h. After that, the solvent was removed under vacuum and the crude was redissolved in CH 2 Cl 2 (20 mL) and washed with brine (2x20 mL). The organic layer was dried (Na 2 SO 4 ), filtered and concentrated. The crude was purified by column chromatography on silica gel (12 g, 85:15 CH 2 Cl 2 :EtOAc, product Rf = 0.4) affording the protected compound as brown oil (191 mg, 0.68 mmol, 70% yield).
3-((4'-Iodophenoxy)methyl)pyridine
Step 2: The protected compound (119 mg, 0.42 mmol, 1 equiv.) was dissolved in dry THF (10 mL) and TBAF (0.47 mL from 1 M solution in THF, 0.47 mmol, 1.1 equiv.) was added dropwise. The reaction was stirred under Argon atmosphere. After 15 min, the reaction was quenched by adding saturated NH 4 Cl (10 mL). The organic solvent was removed under vacuum and the crude was extracted with CH 2 Cl 2 (2x10 mL). The organic layer was washed with brine (2x20 mL), dried (Na 2 SO 4 ), filtered and concentrated. The crude was purified by column chromatography on silica gel (8 -Tetra-(4-hydroxyphenyl)-calix [4] pyrrole S3 3, 4 (100 mg, 0.14 mmol, 1 equiv.) and Cs 2 CO 3 (1.32 g, 4.05 mmol, 7.5 equiv.) were suspended in dry DMF (2 mL) in a two-neck flask. The mixture was stirred at 50ºC under Argon atmosphere for 30 min. 3-(Bromomethyl)pyridinium hydrobromide S4 (273 mg, 1.08 mmol, 2 equiv.) in DMF (1 mL) was added dropwise and the reaction was stirred at 60ºC under Argon atmosphere for 4 h. After that, the solvent was removed under vacuum and the crude was redissolved in CH 2 Cl 2 (20 mL). The crude was washed with brine (2x20 mL) and water (20 mL). The organic layer was dried (Na 2 SO 4 ), filtered and concentrated. The crude was purified by column chromatography on silica gel (4 g . The exact mass for the monoisotopic peak in a) and b) is indicated. . See Scheme S1 for proton assignment. *Solvent residual peaks. . See Scheme S1 for proton assignment. *Solvent residual peaks.
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The preparation of the [1•Pd] 2+ cage following the procedure B confirmed that the cage can be isolated as white solid. The yield of the cage with this procedure is in line with that determined by NMR spectroscopic techniques following the procedure A. ) sharpened and experienced downfield shifts. These observations supported that the tetra-pyridyl 1 adopted the cone conformation in the 2:1 CDCl 3 :CD 3 CN solvent mixture.
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Addition of Pd(II) to calix[4]pyrrole 1 in (CD3)2SO
A solution of the tetra-pyridyl 1 (1-2 mM) and 1,3,5-trimethoxybenzene (internal standard, 1-2 mM) was prepared in (CD 3 ) 2 SO. Subsequently, 0.5 mL of the solution were transferred to a NMR tube. A solution of Pd(II) ([Pd(CH 3 CN) 4 ](BF 4 ) 2 , Pd(TFA) 2 or Pd(NO 3 ) 2 from Sigma-Aldrich or Strem Chemicals) was prepared in (CD 3 ) 2 SO at 10-15 fold higher concentration (20-30 mM). Immediately, the 0.5 mL of the tetra-pyridyl's solution was titrated by manually injecting incremental amounts of the Pd(II) solution using a micro syringe. A 1 H NMR spectrum of the mixture was acquired after each injection and vigorous hand shaking of the NMR tube for few seconds. The chemical shift changes on the proton signals of the pyridyl substituents of 1 upon addition of Pd(II) were in agreement with the formation of pyridyl-Pd(II) coordination bonds. cage was formed in an extend larger than 60%. See Scheme S1 for proton assignment. *Solvent residual peaks. . See Scheme S1 for proton assignment. *Solvent residual peaks. The tetra-pyridyl 1 and the [1•Pd] 2+ cage are better represented by a cylindrical shaped object than a sphere. We determined the dimensions of the cylinders using the equations 1-3. First, we estimated the a and b values from the energy minimized structure (MM3) of [1•Pd] 2+ (vide infra). These values were further refined manually in order to minimize the difference between the calculated coefficient values and those measured experimentally (D measured -D calculated < 1 x 10 -12 m 2 /s). The cylindrical object corresponding to the optimized values is superimposed with the compounds to verify that the geometrical parameters have a physical significance (see Figure S28 ). 2+ . See Scheme S1 for proton assignment. *Solvent residual peaks. 2+ . This result indicated that the ligand exchange is slow on the EXSY timescale.
1D GOESY NMR experiments of the [1•Pd]
2+ cage 
NMR experiments of tetra-pyridyl aryl-extended calix[4]pyrrole 2
Addition of Pd(II) to calix[4]pyrrole 2 in (CD3)2SO
A suspension of the tetra-pyridyl 2 (1-2 mM) and 1,3,5-trimethoxybenzene (internal standard, 1-2 mM) was prepared in (CD 3 ) 2 SO. Subsequently, 0.5 mL of the suspension were transferred to a NMR tube. A solution of Pd(II) ([Pd(CH 3 CN) 4 ](BF 4 ) 2 from Sigma-Aldrich) was prepared in (CD 3 ) 2 SO at 10-15 fold higher concentration (20-30 mM). Immediately, the 0.5 mL of the tetra-pyridyl's suspension was titrated by manually injecting incremental amounts of the Pd(II) solution using a micro syringe. A 1 H NMR spectrum of the mixture was acquired after each injection and vigorous hand shaking of the NMR tube for few seconds. 2+ cage. Probably, they formed ill-defined aggregates. The thermal equilibration of the mixture containing Pd(II) and 2 (2:1 molar ratio) at 40ºC for 24 h did not produce changes on the 1 H NMR spectra.
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Addition of Pd(II) to calix[4]pyrrole 2 in 2:1 CDCl3:CD3CN
A solution of the tetra-pyridyl 2 (1-2 mM) and 1,3,5-trimethoxybenzene (internal standard, 1-2 mM) was prepared in 2:1 CDCl 3 :CD 3 CN. Subsequently, 0.5 mL of the solution were transferred to a NMR tube. A solution of Pd(II) ([Pd(CH 3 CN) 4 ](BF 4 ) 2 from Sigma-Aldrich) was prepared in 2:1 CDCl 3 :CD 3 CN at higher concentration (5-7 mM). Immediately, the 0.5 mL of the tetra-pyridyl's solution was titrated by manually injecting incremental amounts of the Pd(II) solution using a micro syringe. A 1 H NMR spectrum of the mixture was acquired after each injection and vigorous hand shaking of the NMR tube for few seconds. 
NMR experiments of tetra-pyridyl 1 and [1•Pd]
2+ with pyridyl N-oxides in 2:1 CDCl3:CD3CN
Addition of pyridyl N-oxides and Pd(II) to calix[4]pyrrole 1
A solution of the tetra-pyridyl 1 (1-2 mM) and 1,3,5-trimethoxybenzene (internal standard, 1-2 mM) was prepared 2+ was formed in an extend larger than 70%. Also, the solution was slightly turbid in the NMR tube. We estimated a binding constant value larger than 10 4 M -1 for the 4⊂[1•Pd] 2+ complex. Figure S42 . Line-drawing structure of 4-phenylpyridine N-oxide 5. Interestingly, the addition of ca. 1 molar equiv. of [Pd(CH 3 CN) 4 ](BF 4 ) 2 to a solution containing an equimolar mixture of 1 and 51 followed by thermal equilibration provoked the disappearance of the proton signals of the 51 inclusion complex and the emergence of the proton signals of the [1•Pd] 2+ cage in a ca. 40% extend. 4 ](BF 4 ) 2 from Sigma-Aldrich) was prepared in 2:1 CDCl 3 :CD 3 CN at higher concentration (5-7 mM). Immediately, the 0.5 mL of the tetra-pyridyl's solution was titrated by manually injecting incremental amounts of the Pd(II) solution using a micro syringe. The solution of the [1•Pd] 2+ cage was thermally equilibrated at 40ºC for 24 h. A solution of pyridyl N-oxide 3-5 was prepared in 2:1 CDCl 3 :CD 3 CN at higher concentration (10-30 mM). The cage's solution was titrated by manually injecting incremental amounts of the pyridyl N-oxide's solution using a micro syringe. A 1 H NMR spectrum of the mixture was acquired after each injection and vigorous hand shaking of the NMR tube for few seconds. 2+ complex. See Scheme S1 for proton assignment. *Solvent residual peak. 2+ complex. Cross-peaks between H 1 and H 2 (blue) are residual COSY peaks. See Scheme S1 for proton assignment. *Solvent residual peak.
The two EXSY NMR spectra shown above indicated that the exchange of tetra-pyridyl 1, using an excess of Noxide 3, was fast on the EXSY timescale, while the exchange of the [ ) 1. This observation was indicative of a slow chemical exchange between free and bound components on the EXSY NMR timescale. Probably, the thermodynamic stability of the 5⊂1 complex, higher than that of 3⊂1, was traduced in a higher kinetic stability showing slow dynamics on the EXSY timescale. 
2+
. The calix [4] pyrroles are depicted in stick representation. CH3CN and N-oxides are shown as CPK models. The cavity volume of the [1•Pd] 2+ cage changed as a function of the bound guest/s. This result suggests that the size adaptability of the volume's cage to the bound guest/s. . The calix [4] pyrroles are depicted in stick representation. CH3CN and (CH3)2SO are shown as CPK models. Table S10 . Packing coefficients (PC = (Vguest/s/Vhost) x 100) of the [2•Pd] 2+ cages obtained from the energy minimized structures (MM3). The volumes of the host and the guest/s were determined using SwissPDB.
Complex
Vhost The energy minimized structures (MM3) of the [2•Pd] 2+ cages showed that the polar heteroatoms of the bound solvent molecules are hydrogen-bonded to the pyrrole NHs of the calix [4] pyrrole unit. 
